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ISOTOPIC W.C&INGE REACTIONS OF DII?LUOR;\MINE KITH 
DEUI'IBIUM OXIDE AND TRIFLUOROACLTIC ACID 

i rnr ren  2 .  Bcckcr and Fred J. Impastoto 
Ethyl  Corpora t ion ,  Baton Rouge, L a .  

The i s o t o p i c  exchange o f  hydrogen between H X F Z  and 

D20 was fo l lowed by NMR us ing  d e u t e r a t e d  t e t r ahydro fu ran -d8  

e s  s o l v e n t .  The growth of the H z 0  peak was fo l lowed by  NMR 

a d  t n e  f r a c t i o n  of exchange F a t  time t was c a l c u l a t e d  by 

c l v l d i n g  t h e  area of the H 2 0  peak a t  time t by t h e  a r e a  a t  

time t OQ. The h a l f - l i f e  of  exchange t'/2 was ob ta ined  from 

-,he ?lot of  l o g  (1-F)  vs .  t which, of  course ,  i s  l i n e a r .  The 

r a c e  of  exchange R was then  c a l c u l a t e d  from the e q u a t i o n  

The exchange of hydrogen between Em2 and D 2 O  i s  

f i r s t  o r d e r  w i t h  r e s p e c t  t o  HNF2 and ze ro  o r d e r  w i t h  r e s p e c t  

zo water as shown i n  Table  I .  A r easonab le  mechanism i s  

ENF2 = H+ + NF2- Slow 

F a s t  

F a s t  

H+ + D z 0  = D+ + H 2 0  

D+ + NF2- = D N F 2  

where the r a t e -de te rmin ing  s t e p  i s  the  i o n i z a t i o n  of H N F 2 .  

The exchange was fo l lowed a t  s e v e r a l  t empera tu res  

b y  us ing  a t empera tu re -con t ro l l ed  probe which r e g u l a t e d  the  

tempera ture  t o  2 l0C. 
was c a l c u l a t e d  from the  Arrhenius  equa t ion .  The p l o t  of log K 

vs . l / T  i s  shown i n  F i g u r e  1. 

The a c t i v a t i o n  energy  of  4 .5  kcal/mole 

The f a c t  that the exchange i s  a c i d  c a t a l y z e d  induced 

u s  to i n v e s t i g a t e  the exchange of hydrogen between HNF2 and 
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C3;sZCCD. T k i s  excharige was a l s o  s t u d i e d  i n  d e u t e r a t e d  t e t r a -  

lAdL.- no-? , .~ran-d8 . a t  s e v e r a l  t empera tures .  The r e s u l t s  are sum- 

"? ,. -,- .! . . . u ; s ~ ~ e d  i n  Tab le  II. 

The cechar?ism found for t h e  exchange of hydrogen 

>?.;i.:aen EA32 anb D 2 G  ( t h e  i o n i z a t i o n  of HNF2)  w i l l  a l s o  l e a d  

i;o ?xchanse o f  hydrogen between HNF2 and CF3COOD. There fo re , .  we 

J . i c l = l y  s a b t r a c e  t h e  c o c t r i b u t i o n  of th is  f i r s t  o r d e r  mechanism 

I-- - IL the Go-Lai r a t e  of exchange. The ra te  of .exchange R,  then,  

is 'i ".le sum of two r a t e s .  

- . , - I -  

R t o t a l  = Xi [HW2 1 + K 2  [HDTF2] [CF3COOD] 

h-, -63' only  t h e  f i r s t  o r d e r  p a t h  i s  observed and t h e  f i r s t  

o 2 b e r  r a t e  c o n s t a n t  f a l l s  on t h e  same l i n e  i n  t h e  Arrhenius  

-$io-, as the  p o i n t s  ob ta ined  for t he  HNFz-D~O exchange. T h i s  

i s  shown i n  F i g u r e  1. 

A t  -51" b o t h  p a t h s  proceed a t  abou t  t h e  same r a t e  

i.!hile a t  h i g h e r  tem2era tures  t h e  second o r d e r  p a t h  proceeds 

Cascer .  The a c t i v a t i o n  energy f o r  t h e  second o r d e r  pa th  i s  

26.0 kcai/mole. 

z ' i g u r e  1 which ais0 shows t h a t  t h e  p l o t s  for t h e  two pa ths  

l i?terce?t ' a t  abou t  - 5 O " C ,  

The Arrhenius  p l o t  for t h i s  p a t h  i s  shown i n  
- .  

There are two p o s s i b l e  mechanisms f o r  t he  second 

~ r c e r  r ,&t t  as shown below. ' The f irst  i s  t h e  p ro tona t ion  of 
_ _  

2 

3 ! ! 2  + CF3COGD = HDNFz+ + CFaCOO- Slow 

XlhTz = DNF2 + H+ F a s t  

5' + CF3COO- = CF3COOH F a s t  

+ 
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-,o- ..:.il? ;:?e sscond I z v o i v e s  a 1:l complex 

-. , I -  - &-.c ~ e l a t l v e  xerits or' these mechanisms w i l l  be discussed. 


